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CATM.Y1 1C CCMMSTICtt OF ACTOM. LOW m MEWMH ICATiWi mOE «ASEi^ 
by Daniel L. SelzM 

National Aeronautics and Space Adainlstratien 
Lewis Research i^ter 
Cleveland, Ohio 


introuk:tion 

Lewis Research Center is currently evaluating 
catalytic contostion as part of the Critical Re- 
search and Advanced Tectmology Support Project spon- 
sored by the D.O.E. Office of Fossil Energy, Divi- 
sion of Coal Utilization. Catalytic coabustion has 
been shown to be capable of high combustion effi- 
ciency and low thermal NOx emissions when operated 
on fuels which contain negligible amounts of fuel- 
bound nitrogen (1,2). Catalytic combustion of 
residual fuels has also been reported in the litera- 
ture (3 to 5). Premixing and prevaporizing the re- 
sidual fuels was found to be a problem and a major 
drawback for their use as catalytic combustor fuels. 

Because of the current interest in increasing 
the use of coal as an energy source, coal-derived 
fuels may become important fuel sources for sta- 
tionary gas turbines. Catalytic combustion of coal- 
derived liquids was reported (6,7). High combustion 
efficiencies were reported. However, conversion of 
fuel-based nitrogen to NOx fairly high. 

Conversion rates ranged from aooit bU to 100 per- 
cent. Since the coal-derived liquids contained up 
to 1 percent nitrogen by weight, NOx emissions 
were consequently very high. Coal gasification is 
an attractive method of utilizing coal without the 
environmental problems usually associated with the 
use of coal. Coal gasification can provide a fuel 
gas which, although lawer in heating value than a 
conventional gaseous fuel such as natural gas, can 
be relatively free of contmninants such as sulfur 
and ammonia. The use of a gaseous fuel can also 
simplify the fuel preparation system required for a 
catalytic combustor compared to using a liquid fuel. 


Catalytic combustion of simulated low- and 
medium- heating-value gas has been reported in 
(8,9). A 2.S-cm-diameter catalytic reactor was 
eva1*iat«l using simulated low, 4.S to 6.7 tU^ 

(120 to 180 Btu/scf), ami medium, 7.5 to 12 
(200 to 320 Btu/scf), heating-value gases at 
pressures up to 4x10^ Pa. Combustim efficiencies 
greater than % percent were measured. Flyback 
into the premixing zone iq>stream of the. catalytic 
reactor was reported, however, idiich re<piired the 
use of a flashbKk arrestor upstream of the cata- 
lytic reactor. The present paper presents a summary 
of the more important results obtained from the 
experimental evaluation of two catalytic reactors 
using actual coal-derived low- and medium-heating- 
vdlue gases at cofwiitions r^resentative of station- 
ary gas turbines (10,11). NASA Lewis provided two 
contractors with essentially identical test hardware 
to perform the testing. A fluidized b^ gasifier, 
operated by Uestinghouse at Ualz Mill, |ennsy1v«i!a. 
was used to produce both low, 5.96 NJ/m^ (160 
Btu/scf), and medium, 9.7 NJ/iiP, U60 Btu/scf), 
heating value gas. A fixed-bed gasifier with a 
complete product gas stream cleanup system, operated 
by General Electric at Schenectady, New Yortc, was 
used to produce low, 3.7 Nd/mr (98 Btu/scf), 
heating-value gas. Testing was performed in 12 cm 
inside diameter test rigs at inlet fuel-air mixture 
temperatures from 500 to 700 K, reference velocities 
of 10 to 30 ffl/s, pressures from 5x10^ to 15x10^ 

Pa, and adiabatic reaction temperatures from about 
1100 to 1450 K. Temperatures, catalytic reactor md 
fuel Injector pressure drop, and emissions of CO, 
C02, unburned hydrocartwns, NOx, A'xl ^ 
measured. 

EXPERIHENTAL DETAILS 
Test Rig 

S*^schematic drawing of the test rigs is shown 
in Fig. 1. The test hardware and test rigs were 
essentially identical for both contractors. Inlet 
air was indirectly preheated and entered the test 
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sactlen as showi In Ftf. 1. Intat afr tMp*fat«M«s 
Mara Maasurad at a p1«ia Just upstraaa of tOa. fual 
Injector. The test hardware was constructed of 
1S.24 ca dianeter stainless staa1>plH Mhich ms 
I nternally Insulated with ffhwrfrax ttdie 
insulation to provide a flow dianeter of 12 ea. The 
fuel Injector was coaposad of two sections mwatad 
In flan^ which were bolted together to fora the 
conplete unit. One flange contained the fuel 
tubes. The second contained the fuel Injector base 
Into which diffuser passages were nachined. The 
fuel Injector Is shown in Figs. 2(a) to (d), 
Schenatic drawings of the fuel Injector base showing 
the diffuser passage arrangenent and associated 
dIaiHislons are shown In Figs. 2(a) and (b). A 
l^iotograph of the fuel Injector base nounted In Its 
flan^ Is shown In Fig. 2(c). A photograph of the 
fuel injector tubes nounted In tteir flange Is shown 
In Fig. 2(d). Coal-derived ':as was Injected through 
19, 30.5-ca-long tubes Into .he center of each of 
the 19 diffuser passages. For the Uestin^wuse 
f1u1dizcd-bed gasifier, tl.e fuel tubes had a 0.4bca 
Inside dianeter and a well thickness of 0.09 ca. 

For the General Electric f'lxed-bed gasifier, the 
fuel tubes had a 0.77 ca-lnside-diaaeter and a wall 
thickness of 0.(^ ca for the first 28 ca In length 
which was reduced to ai Inside dianeter of 0.56 ca 
and a wall thickness cf 0.036 as for the final 2.5 
ca In length. Total blockage of the fuel Injector 
plane was constant at 72 percent for both fuel 
Injectors. The fuel was nixed with air In the 
20.4-cai-1ong prealxlng zor^ which contained a single 
themocouple located approxinately 0.4 cn from the 
wall to detect flashback or autoignition. Tlw 
catalytic reactor was conposed of six, 12-c»*d1a- 
aeter, 2.54-ca-1ong elenents. Catalytic reactor 
elenent descriptions are provided In tables 1(a) and 
(b) for the catalytic reactor used with each 
gasifier. All elenents contained a noble metal as 
the catalyst which was applied to Identical subs- 
trates. Each elenent was separated by a 0.32 cm gap 
which contained at least one themocouple as sho«m 
In Fig. 1. Downstream of the catalytic reactor were 
four themocouple planes and a water-cooled, fixed- 
position, gas-s«pl1ng probe with a. 0.37 cm Inside 
diameter sampling passage located at the duct 
centerline. Samples flowed through heated sample 
lines to continuous gas analyzers. Samples were 
analyzed for CO, CO 2 , NOx, unburned hydro- 
carbons, and O 2 . Water was Injected dcnwistream of 
the reactor to quench the cond)ust1on products before 
passage through a back pressure valve. 

Westinghouse Fluidlzed-Bed Gasification System 
A schematic drawing of the Westinghouse 
f luidlzeo-bed coal gasification system Is shown In 
Fig. 3. The gasifier was a single-stage, fluldlzed- 
bed unit which operated at a pressure of 16.5x10^ 

Pa. It was operated In both an oxygen-blOM) and an 
oxygen-enriched air-blown mode to produce medium, 

9J HJ/ii? (260 Btu/scf), and low, 5.9 HJ/m^ (160 
Btu/scf), heating-value gas, respectively. The 
product gas cleanup system Included a refractory 
lined cyclone and a quench scrubber to remove most 
of the particulate matter. The scrubber also 
removed most of the ammonia and cyanide compounds. 
Sulfur compounds were not removed. Average product 
gas composItliNiis are contained In tables 11(a) and 
(b). A more complete description of the Westlng- 
tKHise fluidized-bed coal gasification system can be 
found In (10) and (12). 


fiewer al F1a__ _ _ 

A" il^iiiiailfe' eiMNai 

flxed-lMl taa1f1catlM?at«i li ^ HiFIf. 

4(a). The gasifier hm a ft aafeh a d rMetar udilch 
opamted ak a p r e s sure ^ 20 mNp Fa. It «m 
(^ at«i In M alr-htaua me* te pre i ac e lew. %M 

MlAil (98 itu/sef), heatlag-value ^ ^ ji 

gasification system else laclMted a 
9 M cleans system. A schematic ef Urn lew^tleg- 
value gas cleanup sysUm Is 1e Fig. 4(bJ* 
Average gas composition Is contained In table Ill- 
Sulfur compounds were removed by cleanup sys^ 
but ammonia levels w«re quite h1^ because the* 
final saturation stage. A more complete descriptlen 
of the General Electric Gasification System cm be 
foiNid In (11). 


NEASUMENTS AND COMPUTATIONS 


Reference Velocity 

The reference velocity was computed from the 
measured air Md fuel mass flow rates, the mixtere ' 
Inlet temperature, the duct cross-sectional area, 
and the test section Inlet pressure. The fuel was 
Included because of tte relatively large flow rates 
necessary f«r the coal-dCNrIved gases. 

Emission index 

Emissions were measured as coMentratlons In 
ppm by volume, corrected for water of combustion Md 
converted to emission indices as described In 
( 10 , 11 ). 

Combustion Efficiency 

Combustion efficiency was calculated from the 
expression: 


HV 


Eff - 100 - 


CM^ 

fuel 


E.I., 

“TU" 


1C 



where 

Eff •• combustion efficiency, t 

E.I.x - emission Index of specie x, gx/kg fuel 

HVx - lower heating value of x, J/kg 

Equilibrium concentrations of unbumed hydro- 
carbons and CO were extremely small for the test 
conditions of this study and were therefore neglected 
In the calculation of combustion efficiency. It was 
also assumed that hydrogen would quickly react and 
not contribute to combustion Inefficiency. 

Adiabatic Reaction Temperature 

The adiabatic reaction temperature was computed 
using the computer progrM ov (13) at the Inlet 
mixture temperature, pressure and carbon balance fuel 
-air ratio. The fuel composition utilized was that 
reported in tables II and III. 

RESULTS AND DISCUSSION 


Combustion EffldetKy 

Combustion eFfIclency data are presented in 
Figs. s(a) to (d), for the catalytic reactors 
operated on low-heating-value gas produced from both 
gasifiers and medium-heating-value gas produced from 
the fluidized-bed gasifier. Combustion efficiency Is 
presented as a function of the adiabatic reaction 
temperature. In Fig. 5(a), combustion efficiency Is 


2 


ORIGINAL PAGE IS 
OF POOR QUALITY 


shown for the catalytic reactor operated on the 
1ow-heattng>va1ue gas from the 6eneral Electric 
f1xed>bed gasifier. Results are presented for Inlet 
Mixture teaperatures fron SOO to 700 K, reference _ 
velocities of 10 and 20 «/s. and pressures of 5x10^ 
and lOxllP Pa. At a reference velocity of 20 n/s, 
coabustlon efflcleiwy was Increased at an Inlet 
te^^ature of 700 K conpared to SOO or 600 K. 

Little difference In coabustlon efficiency Is shown 
for Inlet tenperatures of SOO and 600 K. As ex- 
pectMi, decreasing the reference velocity froa 20 to 
10 o/s Increased coabustlon efficiency at an Inlet 
teoperature of SOO K. Little eff^t of pressure Is 
slKM for the catalytic reactor operated on the 
of 5x10^ and 10x10^ Pa. At adiabatic reaction 
temperatures above 1350 K. coabustlon efficiencies of 
99.5 percent and above were measured for the test 
CMiditions shown. 

Figure 5(b) presents coabustlon efficiency data 
obtained with the low-heating-value gas from the 
Nestinghouse fluidized-bed gasifier. Data are 
presented at inlet teoperatures from 525 to 650 K. 

As expected, combustion efficiency was generally 
increased with increasing inlet temperatures except 
for the 525 K inlet temperature data. These data 
were obtained before the higher inlet temperature 
data. The catalytic reactor operated on the coal- 
derived gas from the Uestinghouse fluidized-bed 
gasifier shoii«d a decline in performance with 
Increasing run time. Inspection of the catalytic 
reactor after testing revealed a coating of iron 
oxide on all catalytic reactor surfaces which was 
probably responsible for the performance decline. 
Combustion efficiencies of 99.5 percent and above 
were still obtained at adiabatic reaction tempera- 
tures above 135U K. 

In Fig. 5(c), combustion efficiency data are 
presented for the catalytic reactor operateo on 
medium-heating-value gas produced from the Westing- 
house fluidized-bed gasifier. At a reference 
velocity of 20 m/s, data at an inlet temperature of 
525 K show considerably poorer combustion efficiency 
than higher inlet temperatures. Lower Inlet tempera- 
tures would be expected to reduce combustion effi- 
ciency. However, the data at 525 K were also taken 
after the higher inlet temperature data, and the 
catalytic reactor degradation, previously discussed, 
was probably also responsible for the decline. For 
combustion efficiencies above 99.5 percent, adiabatic 
reaction temperatures above 1415 K are required for 
the test conditions shown In Fig. 5(c). 

Combustion efficiency data for all fuels are 
presented In Fig. 5(d) at a nominal inlet temperature 
of 600 K, a reference velocity of 20 m/s, and 
pressures of 5x10^ ana 10x10^ Pa. Combustion 
efficiency for both low-heating-value gases showed 
good agreement. The fairly high water content of the 
General Electric low-heat Ing-value gas, 33 percent, 
apparently acted only as a diluent. The medium- 
heatlng-value gas showed slightly poorer combustion 
efficiency than either of the low-heating-value 
gases. Since the catalytic reactor was operated on 
medium-heating-value gas from the fluidized-bed 
gasifier after completion of the low-heating-value 
gas tests, catalytic reactor oegradation with run 
time could have been the cause. Reference 9 reported 
an effect of H2/C0 ratio on combustion efficiency 
with an increasing H2/C0 ratio Increasing combustion 
efficiency. For the present study, the H2/C0 ratio 
was 0.57 for the medium-heating-value gas and 0.61 
for the low-heating-value gas from the Westinghouse 
fluidized-bed gasifier and 1.11 for the low-heating- 
value gas from the General Electric flxed-oed 


oasifier. Little effect of H2/C0 ratio frt» Q,SJ to 
1.1. Is i^arent from the results of tiM foOttHt 
study. 

Flashback problem were re^rted in (6,9), 
which nocessitated the use of a flasMiack urrestor 
upstrem of the catalytic reactor. Flashback 
tendency was reported in (9) to increase with 
Increasing Inlet teoperature and decreasing reference 
velocity. It was also reported to be wore seeere 
with oediuo-heating-value gas than with low-heati^ 
value gas. In the presMt stu<^, flashback was not a 
significant problem. No flashback arrestor was 
utilized and the most severe operating comlitiwi. an 
inlet teoperature of 725 K, a pressure of 10x10 $ 

Pa, and a reference velocity of 10 o/s using oedliae- 
heating-value gas, was run without any indication of 
flashback. 

CO Emissions 

CO emissions, in units of gCO/kg fuel, are 
presented in Figs. 6(a) to (d) as a function of the 
adiabatic reaction temperature. In Fig. 6^)* CO 
emissions are presented for low-heatiim-value gas 
produced from the General Electric fixed-bed gasi- 
fier. The CO emissions generally show the expected 
trends. CO emissions were decreased with increasing 
inlet temperature and decreasing reference velocity. 
No effect of pressure is siw>wn for pressures of 
5x10» and 10x10^ Pa. 

Figure 6(b) presents data obtained from 
low-heating-value gas produced from the Westinghouse 
fluidized-bed gasifier. Little effect of inlet 
temperature, reference velocity, or pressure is shown 
for the range of conditions ''isted. CO emissions 
decreased rapidly at adiabatic reaction teoperatures 
above 1300 tC. 

CO emissions from the medlum-heatlng-value gas 
from the Uestinghouse fluidized-bed gasifier are 
presented in Fig. 6(c). CO emissions were subs- 
tantially Increased for an inlet temperature of 525 1C 
which was probably caused by the lower inlet tem- 
perature and catalytic reactor degradation. 

Results from all gases at a nominal inlet 
temperature of 60o K, a reference velocity of 20 m/s, 
and pressures of 5x10® and 10x10® Pa are pre- 
sented in Fig. 6(d). CO emissions with low-heating- 
value gas from the Uestinghouse fluidized-bed 
gasifier were lower than the medium-heating-value gas 
from the same gasifier and the 1ow-heat1ng-value gas 
from the fixed-bed gasifier. CO emissions from the 
medium-heating-value gas were higher than those from 
both low-heating-value gases. No effect of pressure 
Is apparent. Both low-heating-value gases show 
similar combustion efficiencies because the CO 
contribution to combustion Inefficiency was rela- 
tively small. 

Unburned Hydrocarbon Emissions 

Onburned hdyrocarbon emissions in units of 
gCH 4 /kg fuel are presented in Figs. 7(a) to (d) as 
a function of the adiabatic reaction temperature. 
Figure 7(a) presents unburned hydrocarbons data 
obtained with the General Electric fixed-bed gasifier 
low-heating-value gas. The same trends as previously 
observed for CO emissions are shovm. Unburned 
hydrocarbon emissions were very low at adiabatic 
reaction teller atures above 1350 K for all test 
conditions, as shown in Fig. 7(a). 

Figure 7(b) presents unbumed hydrocarbon 
emissions data obtained with low-heating-value gas 
produced from the Uestinghouse fluidized-bed gasi- 
fier. The unburned hyorocarbon show the expected 
trends with inlet temperature and reference velocity 
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original pass JS 


tvtn theui^ the CO aailsBlont fro* this loi^teatlng- 
valM 9 «s did not. 

IMburntd hydroctrbon Missions froa the 
Wostlnglioyst f1u1d1ttd>bod gaslflor or* sIknmi In Fig. 
?(c). 

Figure 7(d) presents unbumed hydroesrbon 
mIssIms for ell three geses at a noalnal Inlet 
teaperature of 600 K,,a reference velocity of 20 a/s, 
and pressures of 5x1(P and 10x10^ Pa. U^med 
hydrocarbons Missions fron both low-heatlng-value 
gases were similar and lower than those obtained with 
the medlum-heating-value gas. 

>^x Emissions 

Oxides of nitrogen, (NOji) Missions, the sum 
of M) N09, are presented In Fig. 8 as an Mission 
Index, g N 02 /kg fuel, for all three coal-derived 
gases. Test conditions are a nominal Inlet tem- 
perature of 600 K. reference velocity of 20 m/s, vid 
pressures of 5x1(P and 10x10^ Pa. Ho effect of 
adiabatic reaction tMperature Is shown. This 
Implies that all NO^ produced was due to conversion 
of fuel-bound nitrogen In the fuel. NOx Missions 
from the f 1 u 1 d 1 zed-bed gasifier were about an order 
of magnitude lower than those from the fixed-bed 
gasifier. This was caused by the fairly large 
ammonia content of the fixed-bed gasifier low- 
heating-value gas. The ammonia content was approx- 
imately 35u0 ppm by volume and was due to the final 
gas saturation stage in the product gas cleanup 
systM. Using the approximate value of 3S0U pm, 
conversion of Mmonia in the fixed-bed low-heating- 
value gas to NOx percent. Using the average 

ammonia concentration from table II for the fluld- 
Ized-bed gasifier gave ammonia conversion rates to 
NOx percent. It should be mentioned, 

however, that the amonia concentrations were subject 
to considerable variations ami the average value 
given is probably not very accurate. 

SUMKAKY OF RESETS 

This paper has summarized the mora important 
results for catalytic combustion of actual gasifier 
produced low- and medium- heating- value gas. Both 
low, 5.86 HJ/ir (160 Btu/sef), and medium, 9.7 
MJ/nr (260 Btu/sef), heating-value gas were 
produced from a f luidized-bed gasifier at Walz Mill, 
Pennsylvania, operated by Hestinghouse. Low-heating 
value gas, 3.65 MO/m^ (98 Btu/sef), was produced 
from a fixed-bed gasifier at Schenectady, New York, 
operated by General Electric. Essentially Identical 
test hardware and catalytic reactors were supplied by 
NASA Lewis to the contractors for experimental 
testing at their respective gasifier sites. 

Combustion efficiencies greater than 99 percent 
were obtained for all three coal-derived gaseous 
fuels. For the f luidized-bed gasifier, NUx 
Mission ranged from 0.2 to 0.4 g N 02 /kg fuel for 
both the low- and medium-heating-value gases. NOx 
Missions from the fixed-bed gasifier with low- 
neating-value gas were considerably higher and ranged 
from about 2.0 to 4.0 g N 02 /kg fuel. The Increase 
in NOx Missions was caused by the increased 
fuel-bound nitrogen content (NH 3 ) of the fixed-bed 
gasifier low-heating-value gas, which was estimated 
at 3500 ppm by volume. Flashback from the catalytic 
reactor into the prMixing zone upstream was not a 
severe problM and only occurred a few times for each 
fuel. Test conditions of inlet mixture te^eratures 
up to 700 A, pressures up to lOxlO’ Pa, and 
reference velocities as low as 10 m/s were invest- 
igated without flashback occurring. 


Some eatal^lc rtict«r perfo r mewce dt gr Ml tt<M 
was MP«^t with the f 1u1dlMd<M gttlfler pp ed ee e d 
gas. Posttest inMdctlon revealed am Irem Mime 
Mating en all catalytic reecMr MrfacM which mas 
prt^iy re^onslble f<r the degr a dat lM. 8^ 
catalytic reactors wMe damaged during ^ « 9 Ml- 
mental testliHP. Cracked Md melM portions ^ the 
reactor elmsMts were fOMd tit the cenelwtlM ^ 
testing. Test conditions were rather Mv«re for the 
fairly low melting tenperature catalytic reac^ 
substrate. The studies were M>t InMmM to damM- 
strata loi^ term durability or dMege-free opMatiM 
but to perform parametric studies at comteistM 
conditions rmpresentatlM of stationary gas turbines. 
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TABLE 1. - CATALYTIC AEACTQK ELEMENT DESOUPTIONS 
(ELEMENTS MMEREO FROM JALET) 


(•) UcstliH^sc F1u1(hx«N-B«d tesifitr Catalytic ftaactor, Lmh anN 
Mad1u«-Naat1ng«Va1uc 6as 


Eleaent 

Catalyst 


Substrate 

Cell density 
cells/air 

Open 

«rea, 

pwrnnt 

1 

Pt 

5.3 

Coming Cordlerlte 

46.5 

63 


Pd 

5.3 








Pd 

5.3 








Pd 

3.6 








2 Pd/1 Pt 

3.6 








2 Pd/1 Pt 

3.6 








(b) fianeral Electric Fixed-Bad fiasifler Catalytic Reactor* 
Low-Heating-Value Bas 


1 

2 Pd/1 Pt 

1.8 

Coming Cordlerlte 

46.5 





1.8 










1.8 





■ 

■ 




3.6 










3.6 






H 

n 



3.6 





■ 
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TABLE II - AVERAGE GAS COMPOSITION, 
UESTINGHOUSE FLUIDIZEO-BED 
GASIFIER 


(a) Low-heating- value gas 


Component 

Volume, 

percent 

H 2 

17.23 

CO 

28.31 

CHa 

2.29 

CO, 

22.13 

•<2 

29.59 

H 2 $ 

.14 

NH 3 

.0135 


(b) Medlue-heatlng-value gas 


H? 

25.22 

c6 

44.06 

CH 4 

4.47 

CO 2 

25.55 

h 

.50 

H 2 $ 

.20 

NH 3 

.0135 


TABLE III. - AVERAGE GAS COMPOSITION, 
GENERAL ELECTRIC FIXED-BED GASIFIER, 


LOH-HEATING-VALUE GAS 


Component 

Volume, 

percent 


14.3 


12.9 


3.1 


5*4 


30.9 


33.4 

KH 

.35 
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(a) Bast, front view, looting downstreiin. 
(M Bas«, sMe viait. 

Figure 2. • Fuel Injector. 
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Figure 3k - Westinghouse fluidizad bed gasifier system sdiematk. 
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OF POOH QUALITY 



(a) Gananl Elactric fixiiHwd gisMer. kwhoting nfn gis. 
Oil WtstinghtHJM flukltzatf^Md gisNitr, iow-h«ting mIm gas. 


Figure S. - Combustion afDcianQr. 
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IMiT 

PRESSURE 

GASIFIER 

HEATING 

w 

f 

r 

TEMP. 

K 

10>Pl 

TYPE 

VALVE 

O 

575 

5 

FLUIDIZED 

MEDIUM 

O 

575 

10 

aUlDiZED 

MEDIUM 

L, 

575 

5 

FLUIDIZED 

LOW 

tk 

575 

10 

FLUIDIZED 

LOW 


600 

5 

FIXED 

LOW 

□ 

! 

600 

10 

1 L 

FIXED 

1 

LOW 

J 

1250 

1300 1360 

MOO 

1450 


1150 1200 12M 1300 1350 MOO 

ADIABATIC REACTION TEMPERATURE. K 

fa:)WMUiighouMnuidiz«HMdgKifl«r, iM^uin-liMtlng 
MivtgH. 

Id) All gists; nltrfncf vtlocity, 2d m/s. 

Figure 5. * ConducM. 
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(a) General Electric fixed-bed gasifier, iow-heating ¥aive gas. 
(b) Westinghouse fluidized-bed gasifier, iow-heating valve ^s. 


Figured. - CO emissions. 
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UNBURNED HYDROCARBONS EMISSION INDEX, /kg FUEL 




UNBURNED HYDROCARBONS EMISSION irJDEX. gHCAeg FUa 


OF POO!^ QUALITY 

Wl£T REF. PRESSURE 
TEMP., VEU. VpH 
K 



INLET PRESSURE GASIFIER HEATING 

TEMP., loSpa TYPE VALUE 

K 

O 573 5 FLUIDIZED MEDIUM 

O 373 10 FLUIDIZED MEDIUM 

A 373 3 FLUIDIZED LOW 



ADIABATIC REACTION TEMPERATURE, K 

(c) WesUn^ouse fluldlzad-bed gasifier, meiHunh 
heating valve gas. 

(d) All gases; reference velocHy, 20 m/s. 
Figure 7. - Conclurted. 




